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AIR-CORED IMPULSE BETATRONS

A. I. Pavlovskiy, G. D. Kuleschov

In 1955 work began on cyclic induction accelerators with air-

cored electromagnets. After one and a half years, the first

operating air-cored betatron projects were completed. Further

development in this direction brought the advent of high-current

betatrons in which high accelerating energy combines with great

circulating currents [1].

One of the developed accelerator variants of this type is

described below.

Electromagnet

In the development of air-cored electromagnets, main attention

was given to achieving the necessary characteristics determining

the intensity of the electron beam: to maximize as much as possible

the aperture of the stability area and distribution of the magnetic

field which provides sufficiently effective axial and radial beam

focusing. Along with this, to achieve high values of acceleration

energy it was necessary to construct electromagnets with hilh

mechanical and electric strength.

An electromagnet which fullfils these requirements to a

sufficient degree is shown in Fig. 1. It is composed of turns



forming two flat spiral coils joined by a solenoid with a gap along

its middle section. The construction principle of the flat coils

is clear from the figure: concentric left half-turns are coupled

along the AA'-axis with turns of the right half plane.

The betatron field is chaacterized by the following parameters:

the relationship between curretn I (A) in the winding of the

electromagnet and the magnetic guide field H (V) along the equi-

librium orbit of radius R0 (cm) is determined by the relationship:

3.g1
Ro

Azimuth non-uniformity does not exceed 0.5%. The distribution

of the field collapse indicator r&!,z) is represented in Fig. 2.

On the basis of this geometric simulation construction method.

a few working accelerators were created with R0 from 3.9 to 23.4 cm.

In the pulsed operating mode capacitive accumulators are used

to power the electromagnet. Energy capacity of the accumulator

is determined by the type of betatron used and the final accelera-

tion energy:
W =- 3': , F_~

fop E>,;mrc , where W = energy capacity of the capacitive accumu-

lator, J; E = final acceleration energy in MeV.

Characteristic acceleration time is from a few microseconds to

a millisecond. Maximal accelerating energy attained in air-cored

betatrons using capacitive accumulators is 100 MeV.

Experiments were also performed on powering air-cored betatrons

with explosion magnetic generators MK [2].
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5 - Clamping cover; 6 - Central bolt; 7 - Supports; 8 -
End contacts of the electromagnet; 9 -Central solenoid
contacts; 10 - Vacuum chamber.
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Fig. 2. Distribution of field
collapse indicator.

-0 18 1,0 1,2 .4 / 0

InJection

To attain great circulating currents in air-cored betatrons

an external high-voltage injection is applied. The basic type

of injector is a sectioned accelerating voltage system of up to

500 kV potential and currents of about 10 A of 10-710- 8 s impulse
duration with magnetic beam focusing at the injector output.

To introduce the beam into the stability area, a non-inflector

system has been developed to shield the electron channel at the

moment of injection with the use of a channel of highly conductive

metal causing a low rate of the field's diffusion through the

channel wall. To localize the distortions of the magnetic field

outside the acceleration area, the input system is equipped with

a special shield whose form is determined by the curvature of the
magnetic lines of force of the betatron field at the point of its

installation.

A characteristic injection feature is operation in the region

of the beam's collective interaction: the injection orbit lies

outside the stability area(n t 1.5) and capture is accomplished

only with injection currents higher than a certain threshold value.

For the convenient operation, vacuum chamber accelerators with

R 0 S ll.7 cm are made unsoldered.
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Beam discharge at target and output from the betatron chamber

Depending on the output accelerator parameter requirements in

betatrons of the type under investigation, different methods are

used to displace the electronic beam: by removing the dynamic

stability at the end of the acceleration cycle, by orbit deforma-

tion, or excitation of forced betatron oscillations.

Basic realized beam displacement methods: unbalancing of

currents in the solenoid and the flat "spirals" of the electro-

magnet when leading current impulse to the points linkup of these

elements and excitation of local disturbances of the magnetic field

guide with the use of sectorial-coils. Indicated discharge

systems permit beam discharge to the accelerator target in a time

Of 10- 8 to 10- 5 s, and receipt of bremsstrahlung impulses of

corresponding length in this case.

In some cases the accelerated electronic beam was withdrawn

from the betatron chamber. Basic withdrawal scheme: overshooting
of the electronic beam locally excited in an equilibrium orbit,

into a ferromagnetic conical channel followed by its conveyance

by a longitudinal magnetic field and compression by a short-focus

air-cored magnetic lens. Power supply of conveyance and focusing

were combined with power supply of the electromagnet. Output

effectiveness in the 5-30 MeV range was 65%. The beam was focused
2into an area of about 0.5 cm.

High current, air-cored betatrons can be used as powerful

bremsstrahlung impulse generators for application in industrial

flaw detection, in particular of moving objects, in research of

fast-flowing processes, and so on.
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